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Principles

There are two main principles that Vandagraph Sensor Technologies applies to all returned sensors.

1. The customer is always right. 

Sensors need to be thoroughly checked out competently under controlled conditions, which takes time, so a replacement is usually given. The right to charge if no fault is found is retained. 

VST knows historically and universally that failures are less than  1in 5000 during the first 12 months of normal use. However a customer purchasing one sensor and experiencing a failure has a 100% failure rate. Re breather diving also adds to the potential for a premature failure or apparent failure.

2. As a rebreather  is a life support system.

No rebreather sensor returned to us as faulty, is returned to the field. The legal implications of a returned sensor failing are too great. It is worth the financial loss of a replacement,even if no fault is found.

These principles have worked for a good number of years, but do increase the overheads and sensor costs . It is therefore in our own interests as well as the customers to monitor with a strong Post Market Surveillance System and a standard protocol for sensor return and testing.

Sensor Warranty.

The sensor is warranted for 12 months from the date of Invoice. 

The warranty is limited to failure due to poor manufacture, components or QA.

A further 3 months is added so that the manufacturer of the equipment has the ability to hold to stock. 

An FIFO system is important.

Estimated Life

Sensor life is very dependent upon storage and usage conditions.

Standard conditions are STP ( 1013mb,  25 oC)  

The estimated life  under STP in 100% O2     500,000 % hours

Sensor use in rebreathers, especially with temperatures above 35 oC, will seriously reduce the life.

Storage

Due to the warranty and estimated life it is not advisable to store the sensors.

However the gas barrier bags in which they are supplied are very efficient in reducing the transfer of humidity and oxygen. It is estimated that the sensor loses approximately 2% of its useful life per year in the bag, if stored correctly. For this reason we may accept sensors out of warranty, if the sensor is found faulty on opening, and  is returned in perfect condition, with the bag.

Tests can show if the sensor has been used.

It is important that equipment manufacturers and distributors ensure that sensors are stored under correct conditions at all times they are in storage. For this policy to work it is important that we can trust the chain and that we have a complete traceability programme in place between sensor manufacture and end user.

Post Market Surveillance.

All sensors have, serial numbers, and date of manufacture on both the sensors and the packaging.

The gas barrier bags supplied are large enough for sensors to be tested several times by different parties in the chain and successfully resealed. It is recommended that the equipment manufacturer tests the sensors both before installing them in equipment and prior to despatch especially to an overseas distributor . We have no control once sensors are air freighted. They may be left on tarmac in hot sunshine or arctic conditions. 

The results of the tests, which needs as a minimum to be a measurement of the output in air, should be recorded along with ambient pressure and temperature. 

The maximum testing need only be a test be in oxygen and air. 

It is not recommended that pressure testing above 1bar be attempted unless special equipment and trained personnel are available.

Returned sensors

There will always be sensors that prematurely fail or apparently fail prematurely after they have left VST.

Each sensor returned to VST will be tested and examined, which is costly. So it is valuable to use the following procedure  for suspect sensors, which has been proven to work over many years and not just in the diving industry.

This starts with the diver.

Take the  sensors out of the re-breather

Turn them upside down and shake any water free

Leave them in a warm room overnight or preferably 24 hrs.

Put them back into the re-breather and calibrate or measure output.

If they are returned, use the following table to describe the fault. This is a valuable tool as it enables us to activate the Post market surveillance and rapidly identify areas where problems may be occurring.

The diver may not use the same words, but it is important we all translate the problem the same way


	Fault to be reported 
	Follow up checks or observations

	Leakage
	Signs of fluid in the bas barrier bag.

White crystals on sensor membrane

Casing feels like washing up liquid

	No output
	Zero output on DVM

	Low output
	Below specification at sea level ; DVM:may be reported as not calibrating or current limited

	High output
	Above specification at sea level; DVM; may be reported as not calibrating or reading high

	Low output during dive
	Low output on DVM at Sea level. DVM:may be reported as not calibrating or current limited

	Output rises during dive
	Output falls or rises during calibration preferably tested  in 100% oxygen .

	Spikes
	Check calibration in air & oxygen ratio should be 4.78

	Reading sticks
	Check calibration in air & oxygen ratio should be 4.78

	Connector loose or /not aligned
	

	Unstable when turned upside down
	May vary 0.5mV but should but should return in seconds

	Thread  damaged
	

	Unstable variable reading
	Check calibration and stability when left in air

	Slow response
	Dry out & look for contamination on membrane


Return the sensor to VST with “ Fault to be reported” and the results of any tests that you have carried out. If the sensor failed during a dive, a printout ( or preferably an electronic copy) of the dive log will be useful.
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